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FRONTIER GEOSCIENCES INC.     
414 PONTIUS AVENUE NORTH     
SEATTLE, WA 98109 
 

 FLUEGAS MERCURY SORBENT SPECIATION (FMSS) METHOD 
 
The FMSS method relies on sequential selective capture to separate and quantify three mercury 
species, particulate Hg (PHg), gaseous oxidized (Hg(II)g), and gaseous elemental (Hg0).  A known, 
precise volume (±0.1 liter) of gas is pulled through the FMSS sorbent train using standard sampling 
equipment including a quartz probe liner, heated probe, silica-gel water trap, mass flow meter and 
pump (FGS MFM Fluegas SOP).  The FMSS method is setup to sample semi-isokinetically to more 
accurately quantify PHg using a buttonhook nozzle directed into the vent gas flow. The PHg is 
captured on a quartz-fiber filter with the gas phase Hg(II) and Hg0 passing through to be captured 
on a potassium chloride (KCl) coated quartz sorbent trap and finally the iodinated (IC) sorbent trap, 
respectively.   The temperature of the FMSS sorbent train is kept at 95 ± 5 °C during sampling to 
avoid water condensation in the trap.  The water in the vent gas condenses in a silica gel water-trap 
behind the FMSS sorbent train.  The water can be quantified by weight difference to provide a 
backup value for percent water and also to calculate wet sample volume as needed for select vents.  
The sorbed Hg0 on iodinated carbon and the PHg on the quartz filter is leached of collected Hg in 
the clean lab using hot-refluxing HNO3/H2SO4, then further oxidation in BrCl solution (FGS SOP-
009.3).   The sorbed Hg (II) on the KCl-quartz trap is dissolved in (v/v) BrCl solution (FGS SOP-
031.2).  Aliquots of all three Hg species digests are analyzed using cold vapor atomic fluorescence 
spectroscopy (CVAFS) following the analytical principles of EPA Method 1631 (FGS SOP-069.2).  
The FMSS and precursor method have been widely used for both speciated Hg in flue gas matrices 
(Bloom, 1993; Bloom et al., 1995; Prestbo and Bloom, 1995; Nott, 1995; Laudal et al., 1997; Grover 
et al., 1999).  The FMSS method has recently undergone rigorous validation experiments in coal flue 
gas against the ASTM promulgated Ontario-Hydro Method (DOE-NETL, 2001; EERC, 2001).  
Quality assurance of the method usually includes field duplicates, field blanks, trip blanks, lab 
reagent blanks, 5-point calibration curve, continuing calibration verification, duplicate analyses, 
analytical spike recoveries, initial calibration blanks, continuing calibration blanks and standard 
reference material recovery.   
 
Figure A-1.  Schematic of the FMSS Method sample train. 
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Figure A-2.  Comparison of coal analyses by CVAA and CVAFS.  Provided by Frontier 
Geosciences. 
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Comparison of CVAA (ASTM) and CVAFS (EPA-1631) Methods for Coal Hg
(Why should I pay more for a method with a lower detection limit?)

Example using figure below:
1) Assume your mean coal [Hg] is 0.04 ppm and number of analyses/quarter is 10.
2) The results below only include the method uncertainty - natural coal variability will increase the 90% 
confidence interval calculated below - this is a best case scenario!
3) For the CVAA method the relative uncertainty at 0.04 ppm is 38% (from upper curve) or 0.019 ppm
4) For the CVAFS method the relative uncertainty at 0.04 ppm is 3.8% (from lower curve) or 0.0019 ppm
5) Now calculate the 90% confidence interval to see if it is within 10% of the mean?
6) For CVAA,  the 90% confidence interval would be 0.012 ppm or 30% of the mean - answer NO
7) For CVAFS, the 90% confidence interval would be 0.0012 ppm or 3% of the mean - answer YES
Conclusion: The only chance to keep sampling frequency at a minimum is to use a proven method 
to stay within EPA set level of 10% (now 30%) of the mean at 90% confidence interval - or - a more 
expensive per sample method may cost less overall if it decreases the number of samples required. 
The EPA-1631 CVAFS method will give more accurate and precise coal Hg concentration than the 
ASTM CVAA method.   
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Mercury S-CEM 

 

A semi-continuous mercury analyzer will be used during this program to provide near real-time 
feedback during baseline, parametric and long-term testing.  Continuous measurement of 
mercury at the inlet and outlet of the particulate collector is considered a critical component of a 
field mercury control program where mercury levels fluctuate with boiler operation (temperature, 
load, etc.) and decisions must be made concerning parameters such as sorbent feed rate and 
cooling.  The analyzers that will be used for this program consist of a commercially available 
cold vapor atomic absorption spectrometer (CVAAS) coupled with a gold amalgamation system 
(Au-CVAAS).  Radian developed this type of system for EPRI (Carey, et al., 1998).  A sketch of 
the system is shown in the figure below.  One analyzer will be placed at the inlet of the 
particulate collector and one at the outlet of the particulate collector during this test program. 
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Figure C-1 
Sketch of Mercury Measurement System 

 

 

Although it is very difficult to transport non-elemental mercury in sampling lines, elemental 
mercury can be transported without significant problems.  Since the Au-CVAAS measures 
mercury by using the distinct lines of UV absorption characteristic of elemental Hg (Hg0), the 
non-elemental fraction is either converted to elemental mercury (for total mercury measurement) 
or removed (for measurement of the elemental fraction) near the sample extraction point.  This 
minimizes any losses due to the sampling system.   
 
For total vapor-phase mercury measurements, all non-elemental vapor-phase mercury in the flue 
gas must be converted to elemental mercury.  A reduction solution of stannous chloride in 
hydrochloric acid is used to convert Hg2+ to Hg0.  The solution is mixed as prescribed in the draft 
Ontario Hydro Method for manual mercury measurements.   
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To measure speciated mercury, an impinger of potassium chloride (KCl) solution mixed as 
prescribed by the draft Ontario Hydro Method is placed upstream of the stannous chloride 
solution to capture oxidized mercury.  Unique to this instrument is the ability to continuously 
refresh the impinger solutions to assure continuous exposure of the gas to active chemicals. 
 
The Au-CVAAS system is calibrated using elemental mercury vapor.  The instrument is 
calibrated by injecting a metered volume of mercury-laden air into the analyzer.  The mercury-
laden air is from the air-space of a vial containing liquid mercury at a precisely measured 
temperature.  The concentration of the mercury in the air is determined by the vapor pressure of 
the mercury at that temperature.   
 
The Au-CVAAS can measure mercury over a wide range of concentrations.  Since the detection 
limit of the analyzer is a function of the quantity of mercury on the gold wire and not 
concentration in the gas, the sampling time can be adjusted for different situations.  Laboratory 
tests with stable permeation tube mercury sources and standard mercury solutions indicate that 
the noise level for this analyzer is 0.2 ng mercury.  It is reasonable to sample at 50 – 100 times 
the noise level, therefore, during field testing the sampling time is set so at least 10 ng mercury is 
collected on the wire before desorption.  The following table shows the sampling time required 
for different concentrations of mercury in the flue gas with 2 liters per minute sample flow. 
 

Sampling Time Required for Au-CVAA Analyzer 
 

VAPOR-PHASE MERCURY 
CONCENTRATION 

(µG/M3) 

MINIMUM 
SAMPLE TIME

(MIN) 

NOISE LEVEL 
(µG/M3) 

5 1 0.1 
2.5 2 0.05 
1 5 0.02 

0.5 10 0.01 
 

An oxygen analyzer will be placed downstream of the Au-CVAAS to monitor and store the 
oxygen levels in the gas stream.  This is particularly useful when measuring changes in mercury 
across a pollution control device on a full-scale unit where air inleakage into the unit may dilute 
the gas sample and bias results.  It is also useful to assure that no leaks develop in the sampling 
system over time. 
 
Particulate is separated from the gas sample using a self-cleaning filter arrangement modified for 
use with this mercury analyzer under an EPRI mercury control program.  This arrangement uses 
an annular filter arrangement where excess sample flow continuously scours particulate from the 
filter so as to minimize any mercury removal or conversion due to the presence of particulate. 
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The mercury analyzer described has been used extensively for lab testing and field testing at 
three full-scale coal-fired power plants burning Powder River Basin (PRB), eastern bituminous, 
and lignite coals under EPRI programs.  Although draft Ontario Hydro mercury measurements 
were not conducted while the analyzer was on-site, levels measured by the analyzer were well 
within the range expected based on previous measurements with either the draft Ontario Hydro 
Method or a solid carbon trap.   
 
In order to assure the quality of the data to be obtained during the field operations, Standard 
Operating Procedures have been developed and will be followed for these tests.  
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Executive Summary 

On December 14th 2000, EPA announced that it would regulate mercury emissions from 
coal-fired boilers under Title III of the Clean Air Act Amendments of 1990.  There is 
limited information available on the capability of existing pollution control technologies 
for mercury control.  Constellation Power Source Generation (Constellation) tested six 
coal-fired utility boilers to better understand their mercury emissions and the potential 
applicability of control technologies.  The Maryland Department of Natural Resources 
(MDNR) Power Plant Research Program (PPRP) participated in this program by funding 
portions of the mercury testing, and providing technical analysis of the results.  Emission 
Strategies, Inc. provided coordination among the various participants, test crews, and 
laboratories; and will prepare the final report for the overall program. (2) 

As part of the mercury characterization effort, Emission Strategies subcontracted to ADA 
Environmental Solutions (ADA-ES) to measure the mercury concentration and speciation 
on Unit 1 of the C.P. Crane Station using a semi-continuous emissions monitor (S-CEM).  
This report presents only the results from of the ADA-ES portion of the program. 

 A summary of ADA-ES results is shown in Table ES-1.  The data collected 
suggest that little vapor-phase mercury is captured with the Unit 1 fabric filter. 

 During periods of high load following periods of low load and lower 
temperatures, the vapor-phase mercury at the outlet was higher than the inlet, 
indicating thermal desorption of mercury from the collected ash. 

 The mercury at the inlet to the fabric filter was nominally 90% oxidized and 
increased to nominally 99% at the outlet.   

 Large spikes in the inlet mercury concentration were observed.  These appeared to 
be related to rapid changes in boiler operation.  The spikes did not appear to affect 
the outlet mercury concentration. 

Detailed discussions and presentations of all test data are provided in the report. 

Table ES-1.  Summary of Results from C.P. Crane 

Location Total Hg 
(µg/Nm3) 

Elemental Hg 
(µg/Nm3) 

Inlet 0.2 to 10 0.3 to 0.5 

Outlet 0.2 to 13 <0.1 
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1.0  Introduction 

Mercury from combustion sources is recognized as a major concern to the nation’s air quality.  The U.S. 
Environmental Protection Agency (EPA) submitted a Mercury Study Report to Congress that states that 
52 of the 158 tons of anthropogenic Hg emissions in the United States are from coal-fired utility boilers 
(1).  On December 14th 2000, EPA announced that it would regulate mercury emissions from coal-fired 
boilers under Title III of the Clean Air Act Amendments of 1990.  EPA plans to issue final regulations by 
December 15th 2004 and is expected to require compliance by December 2007.   

Constellation Power Source Generation (Constellation) tested six coal-fired utility boilers to better 
understand their mercury emissions and the potential applicability of control technologies.  The Maryland 
Department of Natural Resources (MDNR) Power Plant Research Program (PPRP) participated in this 
program by funding portions of the mercury testing, and providing technical analysis of the results.  
Emission Strategies, Inc. provided coordination among the various participants, test crews, and 
laboratories; and will prepare the final report for the overall program.(2). 

As part of the mercury characterization effort, Emission Strategies subcontracted to ADA Environmental 
Solutions (ADA-ES) to measure the mercury concentration and speciation on Unit 1 of the C.P. Crane 
Station using a semi-continuous emissions monitor (S-CEM).  This report presents only the results from 
of the ADA-ES portion of the program. 

1.1  Purpose of Test 

The purpose of the ADA-ES portion of this test program was to continuously measure the mercury 
concentration and speciation at the inlet and outlet of the Crane Unit 1 fabric filter over a 7-day test 
period.  To accomplish this, a mercury S-CEM was used during this program to provide near real-time 
feedback of mercury concentration and speciation at each sampling location.   

1.2  Facility Description 

Crane Units 1 & 2 are identical Babcock & Wilcox, opposed-wall-fired, wet-bottom, cyclone-burner 
boilers with a capacity of 200 MWe each.  There are four cyclones per unit that burn Eastern Bituminous 
coal with a sulfur content of about 1.9 percent and mercury content ranging from 0.1 to 0.3 µg/g.  These 
units utilize the overfire air (OFA) portion of a retrofitted gas reburn system for NOx control during the 
peak ozone season.  The OFA system was used periodically during testing to determine its effect on gas 
phase mercury concentration.   

Each unit is equipped with a GEESI reverse-gas style fabric filter with a design air-to-cloth ratio of 1.96 
(ft2/1000 acfm).  There are ten modules in each fabric filter with 540 bags per module.  Sonic horns are 
used to augment the reverse-air cleaning.  Flue gas is exhausted to the atmosphere through a 384 foot 
stack.   
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1.3  Key Personnel   

The Key Personnel coordinating efforts during ADA-ES testing at Crane are identified in Table 1-1. 

Contact 
Name 

Company Telephone Number Email Address 

Stephen J. 
Matousek -  

CPSG Office: 410-787-5275 
Cell: 410-802-8079 

Stephen.J.Matousek@constellation.com 

Ed Much  CPSG Office: (410) 787-9073 
Cell: (410) 530-4913 

edwin.much@constellation.com 

Sheila 
Glesmann  

Emission 
Strategies 

Office: (410) 544-5292 
Cell: (443 310-7169 

sheila.glesmann@verizon.net 

Sharon 
Sjostrom  

ADA-ES Office: (303) 734-1727 
Cell: (303) 919-8538 

sharons@adaes.com 

Gerald 
Amhrein  

ADA-ES Office: (303) 734-1727 
Cell: (303) 921-8138 

jerrya@adaes.com 

 

C.P. Crane 
Lou Gable at storeroom (682-9737) 
C. P. Crane 
1001 Carroll Island Rd. 
Baltimore, MD 21220 
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2.0  Plant Description and Test Locations 

2.1 C.P.Crane Unit 1 

Unit 1 burns a bituminous coal in a B&W opposed-fired cyclone boiler with a nameplate capacity of 200 
MW.  A fabric filter is used for particulate control.  Operating parameters for Unit 1 are summarized in 
Table 1.   

Table 1.  Plant Yates Unit 1 Operation 

Parameter Description 
Boiler  

Type B&W opposed-fired 
Burner Type Cyclone 
Equivalent Mwe 200 

Coal  
Coal Type Bituminous 

Particulate Control  
Type Fabric Filter 
Manufacturer GEESI 
Design Reverse Gas with Sonic Horns 
Air-to-cloth Ratio (ft/min) 1.96 

 

Mercury measurements were made both upstream and downstream of the fabric filter.  Figure 1 is a 
schematic of Unit 1 showing the sampling locations.  Coal and ash samples were not collected by ADA-
ES but were collected as part of the overall program. 

The inlet sampling location, shown in Figure 2, was a single horizontal sampling port located at the inlet 
of the unit 1 fabric filter.  The port was approximately five feet below the top of the duct and was the 
second from the top port in a row of seven vertical ports.  The extraction probe was made up of three 
sections and extended eight feet into the duct from the flange.  It could be shortened by removing sections 
of the probe.   

The outlet sampling location, shown in Figure 3, was a single horizontal port located at the outlet of the 
fabric filter upstream of the ID fans.  The port was the middle of three vertical ports at this location.   The 
extraction probe extended eight feet into the duct from the flange.  The length of the probe could be 
adjusted by removing or adding sections. 
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Figure 1.  Mercury sampling locations at C.P. Crane Unit 1.  

 

     

Figure 2.  Inlet Test Port Figure 3.  Outlet Test Port 
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3.0  Summary and Discussion of Results 

3.1  Presentation of Results 

The program objective was to continuously measure vapor phase mercury concentration and periodically 
measure speciation at the inlet and outlet of the C.P. Crane Unit 1 fabric filter during a 7-day period.  To 
achieve this objective, ADA-ES used a single mercury S-CEM that alternately sampled gas at the inlet 
and outlet of the fabric filter.  The S-CEM was capable of measuring either the total or elemental mercury 
concentration at each location.   

The results from the S-CEM were later analyzed along with various plant operating data to develop short-
term mercury concentration trends and to see if  variables such as pressure drop across the fabric filter, 
gas temperature, boiler load, or other plant operating characteristics affected these trends.   

The mercury S-CEM at Crane operated continuously from April 18 through April 25.  Time trends of the 
mercury measurements, duct temperature at the sampling locations, and boiler load are shown in Figure 4.  
The mercury removal shown in Figure 4 is calculated using the mercury concentrations corrected to 3% 
oxygen to account for any change in mercury concentration resulting from air in leakage between the inlet 
and outlet sampling locations.  

3.2  Summary of Results 

The data collected at Crane, Unit 1 suggests that the change in vapor-phase mercury across the fabric 
filter (removal efficiency) is variable and, at times, the vapor-phase concentration at the outlet was higher 
than measured at the inlet, as shown in Figure 4.  This observation could be caused by stratification in the 
mercury concentration (for example, if the mercury concentration at the inlet extraction location was 
below the average across the duct), or it could be caused by high mercury adsorption onto the fly ash prior 
to reaching the inlet extraction location.   

Table 2 presents average mercury concentrations as measured by the S-CEMs at the inlet and outlet to the 
baghouse during the Ontario Hydro measurements.  This table shows both a variation in total vapor phase 
mercury at the inlet (ranged from 0.31 to 4.92 µg/dNm3) and removal efficiency (6 to 80%).  These data 
illustrate the dynamic nature of mercury in flue gas as it flows through the system.  Trends observed 
during this test included: 

• The inlet and outlet mercury concentrations tracked fairly closely except for periods immediately 
following a large increase in boiler load (e. 125 to 200 MW) when mercury levels increased at 
both locations, but the outlet was often higher than the inlet.  Except for these transition periods, it 
is likely the reactive vapor-phase mercury is adsorbed onto the fly ash prior to reaching the inlet 
measurement location and very little additional reduction in vapor-phase mercury takes place on 
the bags.  During these transitions, several key variables are changing that could cause this 
phenomena.   

o Temperature is one of the variables that can cause variations in mercury behavior because 
it determines when and the quantity of mercury a carbon/fly ash based sorbent can adsorb.  
The S-CEM measurements suggest that vapor phase mercury is adsorbed by the fly ash 
while in-flight at fairly significant levels.  At lower boiler load conditions, temperatures are 
typically lower which improves the ability of fly ash to collect mercury, especially 
oxidized mercury (3).  However, when temperature increases, such as often happens when 
the boiler load increases, the capacity of mercury that the fly ash (sorbent) can hold 
decreases.  Thus, under certain conditions the mercury can be desorbed from the fly ash.  
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The outlet may be higher than the inlet for several hours as mercury slowly desorbs off the 
fly ash collected in the baghouse.   

o Figure 4 shows that mercury concentration varies from 0.2 to 10 µg/dNm3 at the inlet.  This 
is probably a combination of differences in in-flight adsorption onto fly ash, partially 
explained above, and changes in coal and combustion conditions.  For example, changes in 
amount and characteristics of the LOI carbon can cause differences in mercury 
concentration and removal efficiencies.  This may have been occurring when inlet and 
outlet mercury levels diverged on April 22 and 23. 

• In general there was very little mercury removal across the baghouse.  This goes against 
conventional theory that shows, in most cases, very good removal across the baghouse because of 
the enhanced gas-particle interaction on the dustcake.  However, there are a few sites where 
significant in-flight adsorption of vapor-phase mercury onto fly ash has been documented.  This is 
more likely at sites with higher percentages of oxidized mercury, sufficient LOI carbon in the fly 
ash and temperatures less than 300oF.  At Crane Station, it is possible that the fly ash has already 
reached its capacity for mercury with the mercury adsorbed while in-flight.  Thus, when it reaches 
the baghouse, no additional mercury can be adsorbed. 

• The fraction of elemental mercury is low at both extraction locations, as shown in Figures 5 and 6.  
At the inlet, the measurements indicate 90% of the mercury is in the oxidized form.  At the outlet, 
99% is in the oxidized form.  The higher fraction of oxidized mercury at the outlet suggests that 
the mercury may be interacting with the fly ash and being further oxidized. 

o Researchers have documented that mercury is typically desorbed from sorbents in the 
oxidized form. 

• Another interesting observation noted during testing was the periodic spikes in the inlet mercury 
concentration (4/20 – 4/22).  These typically corresponded to spikes in both the boiler oxygen and 
the oxygen measured at the inlet extraction location (see Figure 7).  Some of the oxygen spikes 
can correspond to momentary losses in coal feed to one of the mills and fluctuations in the cyclone 
air flow.  The behavior of the mercury suggests that it is adsorbed on fly ash prior to the inlet 
extraction location and a portion of the collected mercury can be readily desorbed.  No mercury 
spikes were observed at the outlet extraction location. 

Table 2.  Average Vapor-Phase Mercury Concentrations Measured by the SCEM During OH Runs 

OH 
Run Start Time Stop Time 

Inlet Total 
Vapor Hg 
µg/dNm3 

(@ 3% O2) 

Outlet Total 
Vapor Hg 
µg/dNm3 

(@ 3% O2) 

Inlet  
Elemental 

Hg 
µg/dNm3 

(@ 3% O2) 

Total 
Vapor Hg 
Removal 

(%) 

Run 1 4/23/2003 12:25 4/23/2003 14:46 4.92 1.77 0.43 64 

Run 2 4/23/2003 15:55 4/23/2003 18:15 4.49 0.90  80 

Run 3 4/24/2003 8:50 4/24/2003 11:06 0.31 0.29  6 
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On the morning of April 23, the inlet extraction probe was shortened from 8-feet to 6-feet in an effort to 
determine if mercury stratification was the cause of the mercury concentrations measured at the inlet 
periodically exceeding the measurements at the outlet.  In Figure 4, an interruption in the inlet mercury 
measurement can be noted from 9:00 to 11:45 am.  Prior to 9:00 am, the probe was 8-feet long.  After 
11:45, the probe was 6-feet long.  No change in mercury concentration or extraction temperature at the 
inlet was noted following the change in probe length. 
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Figure 4.  Variations in boiler load, temperature, and mercury concentrations at the inlet 
and outlet of the fabric filter at Crane Unit 1. 
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Figure 5.  Inlet vapor-phase mercury concentration measured at Crane Unit 1 
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Figure 6. Outlet vapor-phase mercury concentration measured at Crane Unit 1 
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Figure 7.  Comparison of oxygen spikes and inlet mercury spikes 
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4.0  Description of Mercury Monitors and Sampling Procedures 

4.1  Description of Mercury Monitor 

A semi-continuous mercury emissions monitor (S-CEM) was used during this program to 
provide near real-time measurement of mercury at the inlet and outlet of the fabric filter 
during one week of typical plant operation.  The analyzer used for these tests consisted of 
a cold vapor atomic absorption spectrometer (CVAAS) coupled with a gold 
amalgamation system (Au-CVAAS).  The system is calibrated using vapor phase 
elemental mercury.  A schematic of the system is shown in Figure 5.  The S-CEM was 
configured to automatically switch between two channels and so could measure either the 
total or elemental vapor phase mercury at the inlet and outlet of the fabric filter.  A 
photograph of the S-CEM installed at Crane is shown in Figure 6. 

 

Figure 5.  Schematic of the Mercury Measurement System. 
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Figure 6.  Photograph of ADA-ES mercury S-CEM during installation at C.P. 
Crane Unit 1. 

Although it is very difficult to transport non-elemental mercury in sampling lines, 
elemental mercury can be transported without significant problems.  Since the Au-
CVAAS measures mercury by using the distinct lines of the UV absorption characteristic 
of Hg0, the non-elemental fraction is either converted to elemental mercury (for total 
mercury measurement) or removed (for measurement of the elemental fraction) near the 
sample extraction point.  This minimizes losses in the sampling lines.   

For total vapor phase mercury measurements, all non-elemental vapor phase mercury in 
the flue gas must be converted to elemental mercury.  A reduction solution of stannous 
chloride in hydrochloric acid is used to convert Hg2+ to Hg0.  To measure speciated 
mercury, an impinger of potassium chloride (KCl) solution, mixed as prescribed by the 
draft Ontario Hydro Method, is used to capture oxidized mercury so that only the 
elemental fraction of the vapor phase mercury passes to the analyzer.  Oxidized mercury 
can be calculated as the difference between the total mercury and the elemental mercury.  
The impinger solutions are continuously refreshed to assure adequate exposure of the gas 
to active chemicals.   
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4.2  Sampling Procedures and QA/QC 

The analyzer sampling time is set to collect nominally 20 ng of mercury per sampling 
cycle.  The noise level of the analyzer operating at a field site is approximately 1 ng, thus 
collecting 20 ng provides a signal to noise ratio of 20.   

The analyzer is calibrated daily for mercury.  The mass flow controller, oxygen cell, and 
temperature transmitters were calibrated before shipping the system to the site.  Mercury 
calibration is achieved by injecting precise volumes of air saturated with elemental 
mercury vapor into the analyzer upstream of the gold trap.  The mercury vapor  is drawn 
from a vial containing liquid elemental mercury.  Mercury concentration is calculated 
from a well-known correlation with barometric pressure and temperature.  Vial 
temperature is measured with a precision thermometer.  Calibration of the mass flow 
controller is periodically checked with a gas flow meter.  Mercury vapor was also spiked 
upstream of each set of conversion impingers as part of the daily calibration routine to 
insure that gas preconditioning system was not removing mercury. 

Documentation of analyzer calibrations, along with any system maintenance or changes, 
are recorded in a project notebook.  A calibration file for the other instrumentation, which 
contains manufacturers’ certification of calibration, is maintained by ADA-ES.   

Data verification of computer calculations is conducted manually on a periodic basis.  
Any data collected during periods of suspected operational inconsistencies is rejected as 
questionable data. 
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